The aim of this experiment is to develop a protocol to establish the in vitro propagation potential of Lythrum salicaria L (purple loosestrife). Seeds of L. salicaria were germinated and grown in Murashige Skoog (MS) medium for 30 days. At the end of 30 days, shoot tips of L. salicaria were cultured on MS medium supplemented with different combinations and concentrations of 6-benzylaminopurine (BAP; 1, 2 and 3 mg/L) and 1-naphthaleneacetic acid (NAA; 0, 0.1 and 0.5 mg/L). Regenerated shoots were transferred to MS supplemented with varying concentrations of different auxins: NAA (0.5 and 1 mg/L) and indole-3-butyric acid (IBA; 0.5 and 1.0 mg/L) for rooting. Among the cytokinins investigated, BAP indicated the best response to initiate shoot elongation and multiple shoot formation alone. The highest number of shoot per explant (37±3.38) was obtained in MS medium with 1 mg/L BAP. Although, the highest shoot length (3.1 cm ± 0.48) was found on medium with 1 mg/L BAP+0.5 mg/L NAA, there were no statistically differences among all types of medium. Percentage of rooting, shoot length and root length were altered significantly with different concentrations of NAA and IBA. Thus, shoot length (9.5 cm±0.46), root length (4.1 cm±0.13) and the percentage of rooting (100%) increased significantly with a concentration of 1 mg/L NAA. It was concluded that MS medium with 1 mg/L NAA has been superior for root development compared to other hormone concentrations.
Introduction
Plant tissue culture is the method use to maintain and grow plant cells, tissues or organs on artificial medium under stable temperature, light and humidity conditions. With this method, plant parts can be produced into several thousand of plantlets at the desired time and quality. Besides the conventional methods, tissue culture methods are considered as reliable and practical techniques for rapid propagation and conservation of plants. In recent years, plant tissue culture studies become very important areas about propagation, disease eradication, phytoremediation, plant development and secondary metabolite production 1, 2.
Purple loosestrife is a medicinal plant, containing tannins, flavones and anthocyanins, used medicinally to cure diarrhea, varicosis, hemorrhoid, bleeding gums and eczema 3. On the other hand, L. salicaria is one of the plants used to detect pollution by heavy metals in wetlands 4. It also has ability to accumulate heavy metals such as Cr, Cu, Zn, Fe and Pb mostly in its root and thus it is used for phytoremediation of heavy metals 5, 6. Considering the importance of this plant, there are not many studies on in vitro propagation and root development of L. salicaria 7.
The aim of this experiment is to prepare a new protocol to establish the in vitro propagation potential of L. salicaria.
Material and Methods
For this study, L. salicaria seeds were collected along Porsuk River, Kütahya where plant showed optimum distribution. Seeds were air dried at room temperature and sealed in sample bags till further use. Before germination experiments, surface sterilization of seeds was carried out with 70% ethanol (Tekkim) for 3 min followed by 0.5% sodium hypochlorite (NaOCl) solution containing a few drops of surfactant Tween-20 (Sigma) for 5 min. After these sterilization steps, seeds were washed three times with sterile ultra-pure water. Murashige and Skoog (1962) medium containing mineral salts (Sigma), vitamins (Sigma), 3% sucrose (Sigma) and 0.7% agar (Merck) (pH=5.8) was used for germination experiments. The medium used in all experiments were autoclaved at 121°C for 20 min. The sterilized seeds were placed into magenta vessels with plant growth regulator free MS medium 8 and kept in this medium for 30 days at 25 ± 2°C and under a 16 hours photoperiod in growth chamber. After 30 days, shoot tips of in vitro germinated seedlings were placed on MS medium containing different concentrations of BAP (Sigma) and NAA (Sigma) for eight weeks (Table 1) . For rooting studies, regenerated shoots (about 2 to 3 cm high) were transferred into MS medium with various concentrations of NAA (0.5 and 1 mg/L) and IBA (Sigma) (0.5 and 1 mg/L) to test in vitro rooting response.
At the end of the experiment, shoot number per explant, shoot length (cm), root length (cm), shoot rooting (%) and shoot frequency were measured for each growth regulators. Because plant developed too many roots, number of roots per shoot could not be counted.
Statistical analysis
Each experiment had three replicates containing five explants in each culture vessel. Statistical analyses of collected data were done by using JMP 6 SAS 9 program. ANOVA was performed on plant growth regulators as main effect. TUKEY-HSD was performed on means to detect differences in regulators.
Results and Discussion
Surface sterilized seeds had 100% germination when cultured in MS medium for 30 days. Among the plant growth regulators containing different concentrations of BAP and NAA used in this study, BAP alone has showed the best response to initiate shoot elongation and multiple shoot formation. As shown in Table 1 , shoot elongation of L. salicaria seedlings were increased by 1 mg/L BAP. The highest number of shoot per explant (37 ± 3.38) was counted in MS medium containing 1 mg/L BAP growth regulator in the absence of NAA. Although the results showed that the highest shoot length (3.1 cm ± 0.48) was obtained on medium with 1 mg/L BAP + 0.5 mg/L NAA, there were no statistically differences among all types of medium. 100 % of shoot rooting was observed in all L. salicaria plantlets cultured in all shoot mediums. The longest root length (2.7 cm ± 0.26) was determined on medium with 3 mg/L BAP + 0.1 mg/L NAA ( Table 1) . Auxins (IAA, NAA, IBA) are the most important plant growth regulators for adventitious root development 17. While auxins generally induce root growth of plants in low concentrations, it blocks root development in high concentrations 18. In this study, MS mediums containing different concentrations of NAA and IBA plant growth regulators were considerably effected the percentage of rooting, shoot length and root length of L. salicaria. It was also found that, shoot length (9.5 cm ± 0.46), root length (4.1 cm ± 0.13), and percentage of rooting (100 %) were increased in MS medium containing 1 mg/L NAA ( Table  2) . Roots of L. salicaria were reddish in 1 mg/L NAA MS medium. Resende et al. 19 stated that endemic plant Lippia rotundifolia produced best adventitious roots at 0.44 µM NAA concentration. According to Tolera 20, in sugarcane variety N14, 1 mg/L NAA without IBA was the best for rooting response. Among the two auxins we used, NAA was found to superior to IBA and 1 mg/L NAA was the best MS medium for root growth of L. salicaria.
Conclusion
Although L. salicaria is a medicinal and phytoremediator plant, there are a few studies on micropropagation of L. salicaria. It's very important to improve root system of L. salicaria for phytoremediation of polluted freshwaters because this plant can accumulate heavy metals in its root. L. salicaria plantlets can be used as source plant in phytoremediation researches in the future.
